Introduction
The compiled ichthyofauna data of the south Antarctic Polar Frontier shows the existence of 322 species distributed in 50 families dominated by benthonic fish (70%) of the Notothenioidei family (Eastman, 2005) . Even though the marine fish are represented by approximately 16,764 species, the Antarctica ichthyofauna is only 1.9% of this species (Eschmeyer et al., 2010) . The low Antarctic fish diversity has been correlated with, the tectonic events which physically isolated this region, low temperatures and the probable alterations occurred in the trophic structure during the Miocene (Eastman, 2005) .
The Antarctic demerso-pelagic fish Notothenia rossii is one of the four dominant species of the South Shetland Islands (Casaux et al., 1990) and can be easily captured using a fish hook. Its diet is very diversified and includes fish, krill, gastropods, polychaetes among other organisms (Barrera-Oro, 2002) . The vertical migration during summer permits its feeding through pelagic organisms (Casaux et al., 1990) , especially krill, this explains the high levels of bone tissue fluoride, even though the fluoride tolerance is in study (Camargo, 2003) . The thermal metabolic plasticity limit of Antarctic fish has raised questions about the high http://dx.doi.org/10. 4322/apa.2014.036 temperature impact in the adaptation of this ichtyofauna (Mark et al., 2005) .
Considered as the most pristine region of the planet, the increase in antrophic activity (scientific and tourism) in Antarctica is a factor of questioning for the scientists.
Admiralty Bay in the King George Island, South Shetland Islands Archipelago, has a narrow cove similar to fjords (Barnes et al., 2006) 
Material and Methods

Animals
Specimens of N. rossii were collected using fish hooks, in Punta Plaza (62º 05' 35.8" S and 58º 24' 11.8" W) and Glacier Ecology (62º 10' 11.9" S and 58º 27' 17. 
Plasma assay
The plasmatic electrolytes chloride, magnesium, calcium and inorganic phosphate were assay spectrophotometrically by methods of the mercuric thiocyanate, xylidyl blue, O-cresolphthalein complexone, phosphomolybdate, re sp e c t ively ( Bu r t is & Ashwo o d, 1 9 9 4 ) . T he spectrophotometer reading was carried out in 384 wells micro plates using the micro plate reader Fluostar of BMG.
Statistical analysis
The differences between the control (0 °C and 35 psu) and the experimental group as well as the nature controls were tested at 5% significance levels using t-test with Welch's correction.
Results and Discussion
The concentration of the plasmatic constituents of the specimens of N. rossii from bioassays, as well as for the control of the nature from Punta Plaza (PP) and the Glacier Ecology (ECO) are summarized in Figure 1 . Independently, the fluoride was not able to change the plasmatic levels of calcium, inorganic phosphate, magnesium and chloride. Directly or indirectly all the Antarctic vertebrates consume krill, so consequently are exposed to high levels of fluoride present in this euphausiid exoskeleton. The apparent lack of symptoms for fluorosis, rouse questions about the protective adaptive mechanisms against the toxic effect of fluoride (Yin et al., 2010) . The low salinity expressively decrease the levels of plasmatic calcium, whereas chloride and magnesium levels were reduced by thermal stress. Fluoride was capable to induce reduction of chloride plasmatic levels, only under thermal and salinity stress. It is well known that warming tends to reduce the blood osmolality of Antarctic fish, without an increase in cortisol or hematocrit, indicating that the acclimatization to warming is not mediated by stress response (Hudson et al., 2008) . As the osmolality is principally maintained by NaCl (Dobbs III & DeVries, 1974) , chloride reduction in the N. rossii blood should be expected by warming (Figure 2) , even though studies with Notothenia neglecta showed that low salinity did not significantly change the levels of Na + and Cl -in the blood after 10 days exposure to ≅ 16 psu (Romão et al., 2001 ).
Calcium and magnesium have a key role in a large range of physiological processes. The renal tissue of Antarctic fish is capable of excreting magnesium and chloride in the urine against a gradient concentration as part of control mechanisms evolved in maintenance of blood osmolality (Dobbs III & DeVries, 1974) . In warm acclimation of Antarctic fish, Petzel (2005) observed that the blood osmolality reduction was accompanied by a rise in drinking ratio and reduction of chloride and sodium serum levels ( Figure 2 ).
The calcium entrance to the blood in marine teleosts is basically through intestine (drinking). Gills and kidneys have a central role in calcaemia control and are capable of actively excreting this metallic cation (Pinto et al., 2010) .
The hypocalcaemia of N. rossii acclimated a 0 °C e 20 psu can be due to low calcium concentration in the seawater at 20 psu. Although in warm and hyposaline acclimation (4 °C e 20 psu), N. rossii calcaemia was maintained close to control levels (0 °C e 35 psu). In this case, the thermic stress (4 °C) could be causing reduction of blood osmolality and increase the drinking rate of N. rossii compensating the low Figure 2 . Interrelation between hyposmotic acclimation, drinking ratio, osmolality and serum levels of calcium, chloride and sodium. The metabolic answer of hyposaline and thermal acclimation effect of Antarctic fish Notothenia rossii is shown on the left. The warm acclimation effect on osmolality and drinking ratio of Trematomus bernacchii is shown on the right (data from Petzel (2005) and fish images from (Fischer & Hureau, 1985) ).
calcium concentration in the 20 psu seawater through a rise in drinking volume (Figure 2 ).
Conclusion
The present study revealed that warming, hyposalinity and trophic fluoride interfere with plasmatic non protein electrolytes levels of Antarctic fish N. rossi. Considering the variables studied and blood parameters analyzed the plasmatic calcium stand out as an excellent biochemical biomarker of hyposaline stress.
